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The section Ciconium Pelargonium (Geraniaceae) was reappraised using alkaloid patterns as the main 
chemotaxonomic marker. The results indicate that several species recently reallocated from other sections do nat 
comply with the chemotaxonomy of the original Ciconium (Sweet) Harv. members. These include P. a/chemiIJoides, P. 
quinque/abalurn, P. elangaturn, P. mullibracteum and P. transvaalense (late of Eumorpha) . P. caylae, P. mutans, P. 
tongaense and P. peltatum (the last lately of Section Oibrachya) do not comply either. The only Ciconium species with 
the characteristiC alkaloids are: P zonate, P inquinans, P. acraeum, P. scandens, P. frutetorum, P. salmoneum and P. 
ranunculophyflum. P. x hortorum cultivars, which are derived from some of lhese species, also show the characteristic 
alkaloid pattern. The resulls support a divergence in the section Ciconium, based, with some exceptions, on 
geographical distribution, giving rise to a subsection with alkaloids, found mainly in the Western Cape Province 'and a 
subsection without alkaloids, extending to east and north-east Africa, Ethiopia and Madagascar. 
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Introduction 
Sweet in his Geraniaceae (1820-1830) had a genus Ciconium 
(Pelargoniwn) which contained 25 names of plants growing in 
England at the time. including those we recognize today as spe-
cies (P. acetosum, P. zonale, P. inquinans ) and many hybrids and 
selections or seedlings, which were slightly different and there-
fore given new names. These included P. bentickianum, P. ceri-
num, P. crenatum, P fothergilli, P. tulgens, P. glabrifolium, P. 
heterogamum, P. hybridum, P. nicranthum, P. monstrum, P. 
pumilum, P. reticulatum, P. scandens and P. stenopetalum (the 
last is probably what is known at present as P. stenopetaLum in 
England and P. burtoniae in South Africa). The classification 
was based on the shrubby habit, thick, fleshy and woody stems, 
seven short and erect stamens with the uppermost two being very 
short. and petals of one colour with the upper two being shorter 
and narrower. De Cando lie (1824) demoted Sweet's genus Cico-
nium to a series of the Section Ciconium, using almost identical 
classification criteria. Many of the same hybrids were included 
as before and also the original three species: P. zonate, P. aceto-
sum and P. inquinans. Knuth (1912) recognized the same number 
of sections as Harvey (1860) who had compiled Pelargoniurn 
into 15 sections, and included the same species: P. lonaie, P ace-
tosum, P. inquinans with P scandens and P. stenopetalum (the 
last two were described as forms of P. zonaLe). The classification 
was based on the thick and fleshy stems, the shrubby or 
half-shrubby nature, the simple obovate or cordate-reniform 
leaves which were palmately veined, the five petals of the same 
colour and the seven fertile stamens with the upper two being 
very short . Since then the reallocation of several species belong-
ing to the Section Eurnorpha (Eckl. & Zeyh.) Harv. was dis-
cussed (Gibby et af. 1990) and a new expanded list of species in 
the Section Ciconium was introduced by van der Walt and 
Vorster ( 1988), based on classical botanical similarities of flower 
features. These included: P. tOllgaense (similar to P. illquinans. 
but without rounded leaves and its lamina shape resembling 
some fOnTIS of P. peltatum), P. muLtibracteum (whose lamina 
shape resembles that of P. zonate with zoned leaves, the inflores-
cence and flower being almost identical to those of P. inquinans, 
but while), P. alchemilloides (which is morphologically practi-
cally identical to P. muLtibracteum), P. ranullculophyllum (with 
similar features to P. alchemilloides), P. quinqueLobatum (with a 
typical inflorescence and flower but with unique yellow-green, 
turquoise or bluish petals), P. elongaturn (which has lypical 
zoned leaves and inflorescence) and P. transvaalense (with typi-
cal zoned leaf and leaf morphology, inflorescence and flower) as 
shown in Table 1. Other species with features similar to the exist-
ing species of the Section Ciconium had been added as they were 
discovered e.g. P. cayLae, P. acraeum, P. !rutetorum, P. salmon-
ellm and P. mutans. 
The reallocation of P. peltatum from the Section Dibrachya 
(Sweet) Harv. has long been under discussion and Vorsler (1994) 
suggested that it should form part of Ciconium, due to its zoned 
markings on the leaf of some forms , free stipules, the characteris-
tics of the inflorescence with its sturdy and long unbranched 
peduncle and multi-flowered pseudo-umbel, its short pedicel and 
long hypanthium. 
There have been few chemotaxonomic studies on the genus 
PeLargonium (Geraniaceae) and the results of studies on the tan-
nins and flavonoids (Bate-Smith 1973) and unidentified phenolic 
compounds (Harney 1966) were of limited value in the allocation 
of species into sections. 
This study was initiated to reappraise the present reclassifica-
tion of the Section Ciconium, using chemotaxonomic markers. 
During preliminary studies, the presence of alkaloids was 
detected in some Pelargonium species (Lis-Balehin 1993). This 
work was extended and a characteristic alkaloid profile was 
obtained using thin-layer chromatography on silica gel. 
Materials and Methods 
Fresh leaves were obtained from plants from the Chelsea Physic 
Gardens, London. Vemons Geranium Nurseries, Surrey and Fibrex 
Nurseries, Pebworth. Other plants were grown from cuttings 
obtained from SleJlenbosch University, South Africa. Kirstenbosch 
Botanic Gardens, South Africa and members of the Geraniaceae 
Groups in London and South Africa. 
Fresh leaves weighing 10--50 g were cut up roughly and extracted 
with boiling water or 0.5 M HCI (Lis-Balehin et al. 1996). After 
soaking and stirring for several hours, the water extract was decanted 
through muslin and the leaves were thoroughly squeez.ed. The water 
extract, pH 3.5-5, was then shaken with 1:5 parts of chloroform to 
obtain the 'acid' chloroform extract. The residue was basified with 
saturated sodium carbonate to pH 10 and re-extracted with chloro-
form to give the 'alkaline' chloroform extract. Further extraction 
with chloroform : methanol (3: 1) yielded a further 'alkaline' chloro-
form extract, which was pooled with the former. The chloroform 
extracts were reduced on a rotary evaporator below 40°C and the 
concentrated extracts were applied to Merck Silica gel 60 F254 
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Table 1 Location of species studied 
Voucher number Locality '" 
P. (lCCW,fllm (L. l L' Hcril FNSP 300 I E. Cape 
P (JUtl(!J/l R.A. Dyer TE U 3089 Transvaal 
P (rutetorulII R. A. Dyer STEU I [3 E. Cupe 
P. inquiJUllu (L.) L'Heril STEU 682 Cape. Fort Brown 
P. mn/lllclIlophyllllln (Eekl STEU 3371 Natal. 
cl Zeyh) S. Drakensbcrg 
P. .WllmolleulII R.A . Dyer FNSP 3067 England 
P. ,{('(If/delis Ehrh FNSP 3081 England 
P. zonate (L.) L'Herit STEU 340 Cape 
P. n/c:hemilloides (L.) STEU 1044 SW Cape (211 = 16) 
L' Herit JellSU lafo 2 
G&C 54 
GBB 331 
P. caY/(ie Humbert STEU 2198 
P. e/olJglllllm (Cav.) FNSP 3025 
P. l1Iulribrac:fl'Ufll Hochsi STEU 2902 
P. mlllnJlS Vorsler GBR5 13 
P. quinquelobatum Hoc hst FNSP 3037 
P. tongaense Vorster STEU 1976 
P. fmllsvaalellse Knuth GBB 529 
P. pelfa11111l (L.) L'Hcrit. STEU 1973 
S. Cape, Hnngklip 
(211 = 161 
sw Cape, G rey ton 
(211 = 16) 
Madagascar. Tanan-
arive Bol. Gardens 
Cape 
Kenya 
Natal. Mkuze River 
East Afnca 
Makanc's Pont 
Transvaal. Barberton 
Transvaal. Dinkie 
Waterfnll 
STEU = Herbarium spec imens ill Siell enbosch Univers ilY. South Afnca 
GBB and G&C at (he Natural History Museum. London 
FNSP = National Pe/argoniwn Collel'l ion. Fibrox, England 
*Refers to prc~1994 province names in South Africa 
plates, 0.2 mm thick. and run in two solvent systems: (l) ethyl 
acetate: propan-2-ol : CAPS {3-(cyclohacxylamino) -1 ~propanesulfo~ 
nic acid] , (9:7:4) and (2) ethyl acetate: propan-2-01: NH, (9:7:4). The 
plates were developed with Dragendorff's reagent spray ;:md con-
tirrned by the lodoplatinate reagent. 
Results 
The same three alkaloids were detected in each of the following 
species: P zona/e, P. inquinans, P acraellln, P. scalldells, P. 
Irutetontlll, P. sa lmolleum, P. acetos llm and P. rallIU1culofJhyLLum. 
No alkaloids were detected in P alchemiltoides, P. elongattllli 
and P. transvaalellse, which have recently been reallocated from 
Section £lf1nOrp!Ul. P. multibractewn, P. quillguelubatw}T, P (;ay-
iae, P mutalls, P peltatum and P tongaense were also alkaloid-
negative. 
The alkaloids were identified by means of UV. IR and Mass 
and NMR spectroscopy as indole alkaloids (Lis-Balchin et al. 
1996). One of these alkaloids was elaeocarpidine, the second was 
the 20-H isomer epieiaeocarpidine and the third has yet to be 
identified. Elaeocarpidine has been reported in £laeocarpus spe-
cies (Elaeocarpidaceae), and a similar one, tarennine. in TarewlQ 
bipindensis (Rubiaceae). It is interesting that these two species 
are in no way related to the Geraniaceae. 
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Discussion and Conclusions 
It is of interest that the original CiCOlliIlnI (Sweer) Harv. mem-
bers all show a typical alkaloid paul.!nl . which is also shown by P 
acraelllll, P JrufelOntlll, P salmollefllll, P 'Scal/dens' and P 
f(llIltllcuiophyllum. The fact that P. zonate, P iHquiflalls and P. 
Inttetorum were all alkaloid-positive provides biochemical proof 
that these species were used in the deve lopment of P. x Iwrtortll11 
cultivars (zanals) . which arc also all alkaloid-positive (Lis-Bal-
l:hin 1993). The reallocation of species such as P peitatlllJl, P 
(Ilchemilloides, P. e/ollgarlfm and P trallsvaalellse to the section 
Ciconium does not appear justitied on the basis of the present 
results. The che.motaxonomic separat ion of P. alchemilloide.'i and 
P TCllIllllcldophyllllln supports the morpho logical and cytological 
differences observed by Gibhy (1989), based on the stable chro-
mosome number of P f'(IlIllllCU/ophyl/llI11 (211 = 18). as opposed 
to the changeable number of P. alchemilloides species found at 
different locations (211 = 16. 18. 34. 36). 
There was no apparent rcason for the chc:motaxonomic divi-
sion of the Ciconiums from the point of view of shape of tlowers, 
colour of flowers, hairiness of leaves. etc. The most plausible 
n~ason for the division seemed to be their geographical distribu-
tion (Table I ). The alkaloid¥positivc species were largely con-
fined to the Western Capl.! Province, with the notable exception 
of P acraeum from the former Transvaa l. However. P. acraeWIl 
was suggested by Dyer (1974) to be the evolutionary precursor of 
P zonale and P illquiluUls. The alkaloid-negative species, with 
the exception of P. lollgaellse and P peitatwll, are found mainly 
in more castem parts of Africa extending into Kenya. Ethiopia 
and Somalia. and in the case of P cay/ae, to Madagascar. P. 
a/chemilloides has a very wide distribution. 
Gibby el al. (1990) have shown that P. caylae is a tetraploid 
and therefore differs from P acetOSlllll, P. acmeum, P Jruteto-
rum. P illqllill(lIls and P :oll(lle which are diploid (21l = 18). P. 
caylae is also dissimilar in morphology as regards its mauve pet-
als and cordi forme leaves (Gibby et (II. 1990). In the same article, 
Gibby et a/. showed that some of the chromosomes of P. 11lulti-
bractewn from Yemen were tetraploid and differed in size fro m 
other Cicolliwn spedes. P. alchelllilloides (which, like P muiri-
bracteunI, originated from the section EllJllOlpha) also has a 
large variation in l:hromosome number. depending on its location 
(2" = 16. 18,34.36), and therefore this species was considered 
best kept in a separate section (Gibby 1989). The same author 
also supported the view that P. pe/tarum should be included in the 
section CiCOllilll1l, purely on the basis of chromosome numbers. 
The re is, therefore, considerable evidence to suppo rt the present 
chcmotaxonomic results which show that P alchemiLIoides, P. 
cay/ae, P muitibractelllll and probably P. peltatwn should be in a 
separate section other than Ciconilll1l. 
Another theory, based on the prescnt chemotaxonomic find-
ings, suggests that the alkaloid-positive species in the Western 
Cape could originally have produced alkaloids in the form of 
phytoalexins in response to the presence of non-beneficial insects 
or predators. As alkaloids are mostl y unpalatab le (Harborne 
1988). they would act as a deterrenl. One can speculate that, wi th 
time, the production of this benetlcia l secondary metabolite was 
incorporated into the genome and is still found in pelargoni ums 
located in the Western Cape and in those which probably origi-
nated from species in th is area, e.g. P. salmollewn and P. 'Sca/!-
dens'. 
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